Yersinia ruckeri causes enteric red mouth (ERM) disease in salmonids. Serologic identification of Y. ruckeri is hampered by cross-reactivity with other bacterial isolates of fish origin. Oligonucleotide primers incorporating Y. ruckeri unique sequences were designed to amplify a 409 bp fragment of Y. ruckeri 16S rDNA. The primers did not amplify other genetically related Yersinia or a wide variety of other aquatic or piscine bacteria. This assay provides a rapid, definitive identification of Y. ruckeri that is not subject to the variability inherent in serologic methods.
Yersinia ruckeri was first described in 1955 as the causative agent of enteric red mouth disease (ERM), a septicemic disease, primarily of salmonids; 17 however, infections in nonsalmonid fish have also been reported. 8 Economic losses due to EMR disease can be attributed directly to fish mortality or indirectly from export restrictions imposed on infected broodstock and eggs by the regulatory agencies in numerous countries. In addition, clinically healthy fish can carry this organism and subsequently excrete large numbers of Y. ruckeri organisms into the environment and thereby transmit the infection to other fish. 8 The taxonomic classification of this agent is complex and somewhat controversial. DNA studies based on guanine plus cytosine percentage content of total DNA initially resulted in classification of this organism as a new species of Yersinia. 7 Further studies demonstrating heterogeneity in biochemical and antigenic characteristics resulted in Y. ruckeri isolates being classified into five serovars (Hagerman I, II, III, V, VI). [2] [3] [4] [5] 15, 18 Molecular analysis based on nucleic acid hybridization and sequence analysis of 16S rDNA of the Y. ruckeri genome has been conducted to determine the phylogeny of this organism. 6, 11 Based on DNA hybridization and G ϩ C ratios, Y. ruckeri was found to be only 30% related to other Yersiniae and Serratia, 7 however, 16S rDNA similarities between Y. ruckeri and other Yersiniae was as high as 98.3%. 11 Dot-blot DNA hybridization assays also demonstrated a high level of genetic relatedness among Y. ruckeri serovars. 6 Based on its biochemical profile alone, Y. ruckeri closely resembles many other Enterobacteriacae. 10 The use of antiserum to confirm the identity of isolates From the Department of Veterinary Microbiology and Pathology and the Washington Animal Disease Diagnostic Laboratory, Washington State University, Pullman, WA 99164.
Received for publication December 13, 1999. phenotypically resembling Y. ruckeri is limited by the low specificity of the reagents, especially in serovars other than I. 19, 20 Antigenic cross-reactivity of Y. ruckeri antiserum has been reported to be associated with other bacteria isolated from fish. 10, 13 The antigenic variation that is known to occur among serovars can result in polyvalent Y. ruckeri antiserum showing false negative results when tested on some isolates. 10 Although most naturally occurring outbreaks of ERM are attributed to Y. ruckeri serotype I, other serotypes have been reported to cause epizootics of the disease. Furthermore, under experimental conditions, all Y. ruckeri serovars have been shown to be potentially pathogenic to fish. 8, 16 Thus, it is critical that a diagnostic test be able to identify all serotypes of Y. ruckeri regardless of the phenotypic or antigenic variations that may be present. This communication describes the development of a simple and rapid DNAbased diagnostic test specific for the identification of Y. ruckeri.
Materials and methods
Bacteria. Y. ruckeri, ATCC 29473; Yersinia bercovieri, ATCC 43970; Yersinia aldovae, ATCC 55237; Vibrio ordalli ATCC 33509; Vibrio anguillarium ATCC 19264; and Aeromonas salmonicida ATCC 33685 were obtained from American Type Culture Collection a (ATCC), while mammalian clinical isolates of Yersinia pseudotuberculosis, Yersinia enterocolitica, Aeromonas hydrophila biotype sobria, Serratia marcesens, Shewnella putrefaciens, Plesiomonas shigelloides, and Escherichia coli were obtained from Washington Animal Diseases Diagnostic Laboratory (WADDL). Yersinia ruckeri isolates used in this study were provided by the Washington Animal Disease Diagnostic Laboratory (Pullman, WA), R. Stevenson (University of Guelph, Guelph, Ontario, Canada), and K. Whitman (University of Prince Edward Island, Charlottetown, PEI, Canada) ( Table 1) .
Chromosomal DNA extraction. DNA was extracted from bacterial cultures incubated overnight at 37 C in tryptic soy broth b and included Y. ruckeri, ATCC 29473; Y. bercovieri, . Nucleotide sequences unique to Y. ruckeri were identified by visual inspection. Oligonucleotide primers, designated ruck1, 5Ј-CAG CGG AAA GTA GCT TG (nt69-86), and ruck2, 5Ј-TGT TCA GTG CTA TTA ACA CTT AA (nt456-478), were commercially synthesized and purchased. e The size of the amplified product was predicted to be 409 bp.
DNA amplification by PCR. For PCR amplification, either 1 g of purified DNA or 5 l of crude, boiled cell lysate was used as a template in 50-l reaction volumes containing 0.1 g of each primer, ruck1 and ruck2, 200 M of each dinucleotide triphosphate, 10 mM Tris HCL (pH 9.0), 50 mM KCl, 1.5 mM MgCl 2 , and 1 U of Taq polymerase. d In addition, negative control samples were also assayed under the same conditions in separate reactions using 0.25 g of each of the universal primers UniF (5Ј-AGAGTTTGAT-CAGGCTCAG-3Ј) and UniR (5Ј-GTTACCTTBTTAC-TACTT-3Ј) instead of the Y. ruckeri-specific primers. 21, 22 Following initial denaturation at 94 C for 4 min, denaturation amplification cycles (94 C, 30 sec; 55 C, 30 sec; 72 C, 1 min) were repeated 30 times using a DNA thermocycler. f A 10-min elongation period at 72 C at the end of the amplification cycles was included. All runs were performed with water as a negative control. Polymerase chain reaction products were detected by electrophoresis in 1.5% agarose gels stained with ethidium bromide and visualized under ultraviolet light. In order to confirm the specificity of the amplification, the amplicon from Y. ruckeri ATCC 29473 was sequenced and compared with the predicted nucleotide sequence.
Results
Polymerase chain reaction amplification of DNA purified from Y. ruckeri using the selected primers amplified a DNA fragment of the expected size of 409 bp (Fig. 1) . Identical fragments were amplified from boiled cultures of all Y. ruckeri tested ( Table 1 ). The 409 bp band was not observed when DNA obtained from non-Y. ruckeri bacteria was used as the template. The presence of DNA in all samples was confirmed using universal primers that amplified a predicted 1,500 bp fragment (Fig. 1) . Sequence analysis of the PCR product obtained using the selected Y. ruckeri primers confirmed the identity of the band as being specific from Y. ruckeri. Occasionally, bands of DNA amplicons were observed in some of the negative control lanes. These bands were much fainter than the target band and were easily distinguishable from the target by their larger size.
Discussion
The definitive identification of Y. ruckeri isolated from fish is fundamental for the implementation of fish disease-control measures. The selected primer pair described in this study amplified a 409 bp fragment of rDNA unique to Y. ruckeri. Other investigators have reported identification of Y. ruckeri by PCR using different primers, but the specificity of the product amplification was incompletely evaluated 1 and the serovar specificity was not reported. 9 Although specific serotypes of Y. ruckeri predominate or only occur in limited geographic areas, 16 it is essential that all bacterial isolates suspected of being Y. ruckeri be positively identified. Identifying all serotypes of Y. ruckeri will not only allow for implementation of control measures but may also contribute to the understanding of the epidemiology of less common Y. ruckeri serotypes.
The nucleotide sequence of bacterial 16S rDNA is considered to be relatively conserved and, because of its high copy number per cell, it is an ideal target for species specific PCR amplification for identification purposes. Comparisons of 16S rDNA sequences have demonstrated high degrees of similarities to other members of the genus Yersenia. 11 Although the 16S rDNA of Y. ruckeri is over 98% similar to several other closely related organisms, specific primers for amplification were developed by selecting target sequences that resulted in multiple primer-template base mismatches at the 3Ј-terminal nucleotides in non-Y. ruckeri isolates. 12 The primer/Y. ruckeri target sequences matched perfectly and the target sequence was efficiently amplified, whereas amplification of mis-matched primer/templates dimers, as would occur in closely related organisms, was not observed. The amplification of a DNA product of the predicted size from all the Y. ruckeri isolates used in this experiment supports the classification of all serotypes of Y. ruckeri into one genetically related cluster or species of bacteria that is distinct from other Yersinia species. 6, 11 Unlike the use of antibody-based confirmatory tests, the principal advantage of this assay is the ability to detect all serotypes of Y. ruckeri without the ambiguous reactions that frequently occur with antigen-based testing. This test provides a simple, rapid, and specific method to screen suspect Y. ruckeri isolates that can be easily integrated into procedures of laboratories that routinely screen salmonid tissue samples for diagnostic or certification purposes.
